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(54) TiUe: CHANGE OF SERVICE PROFILE OF MOBILE SUBSCRIBER 



(57) Abstract 

A system for changing the service profile 
of a mobile subscriber includes a location part 
(31), an evaluation part (32) and a subscriber, 
connection exchange part (33). Besides these, 
the home location register contains such indi- 
vidual subscriber connections for the subscriber, 
which have a different service profile. The duty 
of the location part is to find out the location 
of the mobile station in the network and to give 
location information to the evaluation part. The 
information may be e.g. a location area iden- 
tity, cell identity or switching centre area identity 
which is used in the public land mobile network. 
The evaluation part checks to find out whether 
the location information has changed compared 
with the location infonnation received earlier. 
If it has, it searches the memory for the cor- 
responding location information and compares 
the connection information in the record with 
the current connection information. If the con- 
nection information is identical, the process re- 
mains waiting for new location infonnation. If 
the connection information is different, the eval- 
uation logic deduces that the connection must be 
exchanged for a new one and a cormection ex- 
change operation must be started. This may take 
place so that the connection exchange part dis- 
connects the mobile station from the network and reconnects to the network using a new MSISDN number. The algorithms and encryption 
keys relating to this number it fetches from the memory. The network fetches from the home location register the subscriber information 
relating to this MSISDN number and along with this also the service profile relating to this numl)er. It is most advantageous to implement 
the location part, the evaluation part and the subscriber connection exchange part on the subscriber identity module (SIM). 
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Change of service profile of mobile subscriber 
Field of the invention 

This invention concerns changing of the service profile of a mobile 
5 station subscriber in a public land mobile network, wherein the subscriber' 
may move freely from one location area to another and wherein there are 
functions to determine the subscriber's location with at least location area 
precision. 

1 0 Background of the invention 

Referring to FIG. 1. the following is a brief description of the 
structure and operation of a public land mobile network (PLMN). The names 
of network elements are the same as in the known GSM mobile network. 
Other digital mobile networks include the same network elements as those 

15 used in the GSM network. Communication between a mobile station (MS) in 
a cell and the network takes place via the radio path by way of a base trans- 
ceiver station (BTS). Base transceiver stations BTS are connected to a base 
station controller (BSC). One base station controller BSC usually controls 
several base transceiver stations BTS, which may be chained to one another 

20 or cabled directly to the base station controller, as is illustrated in the figure. 
The geographical area covered by these base transceiver stations is called 
location area (LA). Each location area has its own unambiguous location 
area identity (LAI), and the traffic of mobile stations located within the area 
goes through the base transceiver stations of the area and through the base 

25 station controller controlling the location area. Figure 1 shows three location 
areas. The mobile station may move in the location area without any need to 
update the location information concerning itself. 

Several base station controllers are connected to one mobile swit- 
ching centre (MSG). The entity of location areas under the mobile switching 

30 center's control is called the mobile sen/ices switching centre area. If the 
public land mobile network includes several mobile switching centers, then 
their switching center areas together form a PLMN area, which means the 
geographical area covered by one network. The network is run by one op- 
erator almost in alt cases. 

35 The public land mobile network also includes various databases. 

In the home location register (HLR), of which there may be several, the in- 
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formation on subscribers is stored permanently irrespectively of the current 
location of the subscriber. The visitor location register (VLR) Is nowadays 
integrated with the mobile switching centre, and it stores subscriber infonna- 
tion fetched from a home location register while the subscriber visits the 
5 VLR's area, that is, the mobile services switching centre area. For example, 
in FIG 1, subscriber infomiation relating to mobile station MS located In loca- 
tion area LA is stored in visitor location register VLR located in connection 
with mobile switching centre MSG. 

Location update is always done when the subscriber connects to 
10 the network and always when the subscriber moves from one location area 
to another. Location update may also be done periodically at certain inter- 
vals. This is called periodic location update. After the location update the 
HLR knows the address of that VLR in the relating switching centre area of 
which the subscriber is located, and the VLR knows the identity of that loca- 
15 tion area in which the mobile station is located. When the subscriber Is mov- 
ing anywhere in the network, this infonnation will be updated. 

Reference is still made to FIG. 1 and also to FIGs 2A - 2C. FIG. 1 
is a brief illustration of that numbering infomiation which is essential to the 
invention and which the different network elements have, as well as the 
20 numbers stored on the subscriber identity module of the terminal equipment. 
Figures 2A-2C show the contents of numbers. 

Figure 2A shows the content of the location area identity. The 
identity is fomried by the mobile country code (MCC). for Finland that code is 
244. by the mobile network code (MNC), in Finland 91, and by the location 
25 area code (U\C). Thus, the operator's location area identities differ from 
each other only as regards the LAC code. Location area identity LAI Is in the 
memory of base station controller BSC of this area. When the mobile station 
is in some location area, it has also received location area identity LAI of this 
location area from the network and it has stored it in its own memory. 

The mobile station's SIM module stores the mobile station's con- 
nection number (telephone directory number) MSISDN, the contents of which 
are in accordance with FIG. 2B. It is formed by the country code (CC), which 
is 358 for Finland, by the national destination code (NDC), which for the 
operator "Sonera" In Finland is 40 or 400 and by the subscriber number (SN). 
35 What Is essential is that a mobile station subscriber may have several 
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MSISDN numbers, because In actual fact the number defines the service 
used and not the telephone equipment itself. 

FIG. 2C shows an IMSI (International Mobile Subscriber Identity) 
which is a special subscriber identity number, which is used both for identi- 
fying the subscriber and for security purposes. When doing a location update 
and always when asking for a channel from the network, the mobile station 
will send its IMSI number to the network, and only after the network and the 
mobile station have agreed on encryption of the radio link the mobile station 
will send its MSISDN number encrypted to the network. When doing a loca- 
tion update, the mobile switching centre/visitor location register uses the 
IMSI number when asking for subscriber information from the home location 
register. What is essential is that the subscriber In most cases has only one 
IMSI number, although there may be several MSISDN numbers. Home loca- 
tion register HLR is the place where these numbers are tied to each other. 

Based on the description referring to FIGs 1 and 2A - 2C, home 
location register HLR always stores the subscriber's connection num- 
ber/numbers MSISDN, the subscriber's international mobile subscriber iden- 
tity IMSI and the address of that visitor location register VLR, where the 
subscriber is located. Besides the subscriber's MSISDN number and IMSI 
number, the visitor location register also stores location area identity LAI and 
thus also the location area code of that location area where the subscriber Is 
located at the moment. Mobile station MS stores the MSISDN and IMSI 
numbers and location area Identity l_AI. In addition, the mobile station stores 
the subscriber's encryption parameters. When the MS is moving from loca- 
tion area a to location area b In FIG. 1. only the LAC code will change in the 
memories of the mobile station and the base station controller and in the 
visitor location register. No changes take place In the home location register. 

In digital PLMN systems traffic on the radio path is encrypted. For 
this purpose, an authentication and encryption procedure is performed In the 
beginning of the call setup using different algorithms and encryption keys. 
The simplified events In the GSM system are such that the mobile station 
sends its IMSI identity (or its temporary TMSI identity) to the network. Before 
traffic starts, authentication Is perfomied by using a special identification 
algorithm stored in the mobile station as well as subscriber-specific identifi- 
cation key Ki. In the early part of the authentication, the network sends a 
random number to the mobile station. Using this and subscriber-specific key 
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K in the module the mobile station carries out an identification algorithm. The 
mobile station uses the received random number and the K, value also for 
calculating connection-specific encryption key Kc. In this calculation another 
algorithm Is used which is stored in the subscriber identity module. This 
encryption key is used as a key to a third algorithm which is stored In the 
subscriber identity module and which is then used for encrypting speech and 
data transmission over the radio path. With the same values the network 
performs the same algorithms and thus obtains the same encryption key as 
the result. Both store the key in their memory. 

The mobile station always sends the MSISDN number encrypted. 
When the mobile switching centre has received the number, it may inquire 
from the home location register to learn what kind of services relate to this 
MSIDN number. 

In actual fact, mobile station MS is formed by two parts: by the 
mobile equipment (ME) and by the subscriber identity Module (SIM), so 
functioning mobile station MS is formed only by inserting the SIM module into 
mobile equipment ME. The above-mentioned MSISDN. IMSI. subscriber- 
specific key Ki and the algorithms needed in authentication and encryption 
are all stored pemianently on the subscriber identity module, which the sub- 
scriber receives from the operator when subscribing to the network. The 
algorithms are carried out on the SIM module, so that the K, key need never 
be transfen-ed between the SIM module and mobile equipment ME. 

Mobile operators provide subscribers with a lot of different sen/- 
Ices. In the following some examples will be given as a list. The short mes- 
sage sen^ice is specified in the standard and using this the mobile subscriber 
may leave and receive messages of a certain length. Faxes may be sent and 
received in the fax answering service. In the availability service, calls are 
directed immediately fonward to the number given by the subscriber, if the 
mobile subscriber can not be reached. Call fonwarding differs from the avail- 
ability service in that the subscriber himself and using his own mobile station 
states the number to which calls may be fonwarded. In the answering sen/ice 
the call is directed to an answering machine, if not answered within a certain 
time, when the telephone is closed or outside the service area. The caller 
may dictate his message to the answering machine and the subscriber may 
listen to it when he likes. In the secretary service, the call is directed to a 
secretary, who receives the messages and tells the caller about any notifica- 
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tions given by the subscriber. In addition, various services relate to the pric- 
ing of a call, such as a) a detailed bill service, whereby the subscriber re- 
ceives the duration and prices of made calls together with the bill, b) a payer 
specification, wherein by a code placed before the number of the called 
5 subscriber infomaation can be given on whether the call is a business call or 
a private call. In addition, the mobile subscriber may order from the operator 
various services relating to a limitation of outgoing and incoming calls. 

Some services are free of charge and some entail a charge. Since 
there are many services, the operator usually offers some basic services to 

10 the subscriber free of charge, but the subscriber has to order such services 
himself which entail a charge. The subscriber chooses the services he wants 
and the operator stores the information on which services the subscriber is 
entitled to in the subscriber information of the home location register. The 
entity of these entitled services is called the service profile in this application. 

15 Thus, each subscriber has his own service profile. The service profile is tied 
% to the subscriber connection, in practice to the MSISDN number. 

It was said above that a subscriber may have several MSISDN 
numbers. In this connection several ways of using this feature have been 
presented. The patent US-5448622. Huttunen, presents a mobile station, in 

20 the memory of which several telephone numbers are stored. They may be in 
use at the same time. Hereby, when a call comes, the call number is seen in 
the display, so the subscriber sees to which number the call is and he may 
answer it or not answer it. Through the operating connection the subscriber 
may activate a set of telephone numbers, where incoming calls are an- 

25 swered, and likewise through the operating connection the subscriber may 
choose which number is to be used in outgoing calls. Thus, the service pro- 
file is formed mainly by a chosen set of MSISDN numbers. 

The patent US-5657373, Hermansson et al, presents a system, 
where for each subscriber connection there are one subscriber number and 

30 at least two subscriber identity modules (SIM), which when inserted into the 
telephone will open the telephone for traffic. When there are two modules, 
one may be a full-sized module and the other a small size module, whereby 
both may be in the telephone at the same time. Opening of a subscriber 
connection takes place so that when one module is activated for incoming 

35 and outgoing calls, other modules are deactivated. Activating and deactivat- 
ing of modules takes place in home location register HLR. whereby the sub- 
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scriber must ask the operator to carry out the change work. Although there is 
only one subscriber number, each module has different IMSI, which is also 
stored in the subscriber infomiation of the home location register. The home 
location register connects the subscriber number to that IMSI number in the 
subscriber information, which belongs to the module which is to be activated. 
Using the method presented in this patent it is possible in principle for each 
IMSI number to bring about a sen/ice profile of its own. whereby the sub- 
scriber would have several different service profiles. Hereby the subscriber 
would change his service profile by asking the operator to link up a MSISDN 
number with a desired IMSI number in the home location register. Thereupon 
he would insert the module having the said IMSI number into his mobile 
equipment. 

Patent US-5428666. Fyfe. presents an an-angement by which a 
mobile station may use sen/ices of several different cellular systems. This 
happens in such a way that the mobile station has a memory containing 
several NAMs (Number Assignment Module). Each module contains data 
containing the number of the mobile station, the identity of that system 
whose services may be requested by using this telephone number and a 
certain set of control channel identities of this system. When the user wishes 
to use services of a certain system, he enables the module concerning this 
system, whereby the mobile station scans the control channels stated in the 
module and chooses the most powerful one of them. Thereupon the NAM 
system identity decoded from the chosen control channel is compared with 
the identity stored in the module, and when they are identical, access to the 
concerned system is granted. In this case the service profile could be formed 
so that the subscriber would agree with the different system operators on a 
profile in the concerned system and he would put the desired profile in use 
by activating the NAM module containing the identity of the system in ques- 
tion. The advantage is greatest the more the coverage of the systems is 
mutually overiapping. 

There are some drawbacks in the changing of the service profile 
made possible by the prior art publications described above. In the solution 
according to Huttunen's patent it is possible at least in theory to connect with 
each MSISDN number a service profile of its own. However, the user would 
have to choose the number he desires through the operating connection 
and, in addition, he would have to remember what kind of profile Is con- 
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nected with each number. According to the patent of Hermansson et al., 
several subscriber identity modules are required, and when use of a service 
profile relating to a certain subscriber identity module is required the operator 
must be asked to make the changes needed in the home location register. 
5 Making the change in the home location register takes its own time. When 
using the solution proposed by Fyfe, it is not possible at all to change the 
service profile when using the subscriber connection of the same operator. 

It is a common feature of all that changing of the service profile 
does not take place automatically and that changing is slow. It should also 

10 be noticed that in a manual change of the service profile the dependence on 
the location is not taken into account at all, but the subscriber may choose 
any predetermined profile. Hereby the operator has no chance to influence 
the loading of the network by way of the service profile. 

However, it is desirable in some situations even quite quickly to 

15 change even a big part of the services of a connection. From the operator's 
viewpoint this would be especially advantageous if the profile could be tied to 
the mobile subscriber's current location in the network. Hereby a profile 
would be available to the subscriber in a certain part of the network while 
another profile would be available to him in another part of the network. For 

20 example, fast data transmission could be made permissible for the sub- 
scriber in areas with a scarce population only, but not in city centres where 
there are not so many traffic channels available or where at least occasion- 
ally there occurs a shortage of free channels. 

An objective of the present invention is thus a system in which the 

25 mobile subscriber's service profile changes automatically and depending on 
the place, in other words, a system allowing place dependence of services 
tied to a mobile station connection. 

The established objective is achieved by the definitions presented 
in the independent claims. 

30 

Summary of the invention 

The system includes three functional parts located in the mobile 
station: a location part, an evaluation part and the subscriber connection 
exchange part. In addition to these, the home location register contains indi- 
35 vidual subscriber connections with a different service profile. 
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^ The duty of the location part Is to make clear the mobile station's 

location in the network and to give the location information in a suitable form 
to the evaluation part. The location part preferably uses a feature already 
existing in known public land mobile networks, that is. that the mobile station 
receives such parameters from the network from which the location data may 
be deduced with a different precision. Such parameters relating to the loca- 
tion Information are e.g. the country code, the operator identity, the switching 
centre identity, the cell identity, the location area Identity etc. The location 
part gives one parameter to the evaluation part as location data, or altema- 
tively it may give a set of parameters. 

Alternatively, the location part may be Implemented by using any 
known method of location a mobile station. 

The evaluation logic part contains a memory. The memory may be 
a number assignment module NAM storing a desired quantity of location 
data in the same form as Is given by the positioning part. To each location 
data relates connection data, which may be a MSISDN number. If the sub- 
scriber has several MSISDN numbers but only one IMSI number, or an IMSI 
number, if the subscriber has several IMSI numbers but only one MSISDN 
number. In addition, to each connection data relates data containing special 
conditions. Each piece of location data, connection data and special data 
may form one record which is stored In the NAM module. 

When the evaluation logic receives location data from the location 
part, it checks If the location data has changed compared with the location 
data received earlier. If it has. it searches the memory for the con-esponding 
location data and compares the connection data in the record with the cur- 
rent connection data. If the connection data Is identical, the process will wait 
for new location data. If the connection data is different, the evaluation part 
deduces that the connection must be exchanged for a new one and that a 
connection change operation must be started. However, prior to this it 
checks the record to find out whether any special conditions relate to a 
change of connection. Desired limitations concerning the change of connec- 
tion may be laid down in the special conditions. For example, a certain num- 
ber of identical location data must be received, whereby a hysteresis is 
achieved as regards the change. It may also be a condition that the connec- 
tion may not be changed while a call is going on. Only after the evaluation 
part has decided that the connection is to be changed, it will give a connec- 
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tion change command to the connection exchange part. The exchange 
command contains the MSISDN number of the new connection. 



The connection exchange part begins the connection exchange 



operation in response to the received command. This may take place in such 
a way that it disconnects the mobile station from the network and reconnects 
to the network using a new MSISDN number. The algorithms and encryption 
keys relating to this number it fetches from the memory, which may be com- 
mon with the evaluation logic part. The network searches the home location 
register for subscriber data relating to this MSISDN number and along with 
this also the service profile relating to this number. Authentication is per- 
formed in the normal manner, and after the registration the subscriber may 
begin traffic on the new connection and using the service profile relating to 
this connection. 



All three functional parts in the mobile station: the location part, 



the evaluation part and the subscriber connection exchange part, are pref- 
erably implemented in the subscriber identity module SIM. 

Brief description of the drawings 

The invention will be described in greater detail with the aid of the 
appended schematic drawings, in which 

Figure 1 shows networks elements of a PLMN system; 

Figure 2A illustrates the contents of the location area identity; 

Figure 2B illustrates the contents of a subscriber number; 

Figure 2C illustrates the contents of an international mobile subscriber iden- 



Figure 4 shows a possible connection arrangement; 

Figure 5 illustrates an embodiment; 

Figure 6 is a functional diagram of the evaluation part; 

Figure 7 shows the contents of a memory; 

Figure 8 is a functional diagram of the connection exchange part; and 

Figure 9 illustrates a possible memory arrangement. 



Figure 



tity; 

is a reduced view of the functional parts of a system according to 
the invention; 
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Detailed description of the invention 

FIG. 3 shows the basic parts of the invention. In the home location 
register HLR of the PLMN system, where permanent subscriber infonnation 
is maintained, two or more service profiles, in the figure service profiles 1. 2 
5 and 3, are established for the same subscriber. Only one service profile at a 
time may be active. 

Tying of the service profile to the subscriber connection in the 
home location register may be implemented in different ways. The procedure 
may e.g. be the same as is proposed in. patent US-5657373. There the sub- 

10 scriber number remains the same, but the IMSI number changes, but in this 
application the procedure may be such that the IMSI remains the same while 
the subscriber number changes. The idea hereby is as shown in FIG. 4. To 
each subscriber number MSISDN 1,..., MSISDN4 is connected a certain 
service profile, to number MSISDN 1 is connected the service profile "service 

15 profile 1", etc. The subscriber connection always contains both a subscriber 
number and an IMSI number. Thus, complete connection information may be 
brought about in such a way that the control, which functions in response to 
the subscriber number stated by the mobile station, connects an IMSI num- 
ber with the given subscriber number and thus with the service profile. The 

20 resulting subscriber record thus contains a desired combination of 
IMSI+MSISDN+sen/ice profile. It should be noted that in this example the 
IMSI number is the same in all combinations, because the subscriber is 
identified as being the same by this number. 

It is also possible to proceed in such a way that service profiles in 

25 the home location register are tied to the IMSI number, whereby the sub- 
scriber has several IMSI numbers but only one subscriber number. This is in 
fact the procedure used in the US patent mentioned above. Hereby FIG. 4 is 
replaced by a figure, where the IMSI box is replaced by the MSISDN box and 
the MSISDN n box is replaced by the IMSI n box. 

The procedure may also be such that there are several subscriber 
records, each one with its own IMSI and MSISDN numbers and service pro- 
file. As seen from the networi<'s viewpoint, these are separate subscriber 
connections, which are not tied by anything to one another and to a certain 
subscriber. Tying takes place In charging only. This procedure is easiest to 

35 implement in existing networks, because no changes need be done in the 
home location register. 



BNSDOCID: <WO_99«1 927A2_I_> 



wo 99/41927 



11 



PCT/FI99/00117 



The following is a description by way of example of a system, 
where the subscriber has several MSISDN numbers but one and the same 
IMSI number 

Reference is still made to FIG. 3. Mobile station MS includes three 
5 functional parts: location part 31, evaluation part 32 and connection ex- 
change part 33. All these parts are preferably located on subscriber identity 
module SIM, whereby the subscriber may use any subscriber equipment. 

The duty of the location part is to make clear the location of the 
subscriber, that is, of the mobile station in the network. For this purpose any 
10 known application may be used. The location part receives in two ways the 
information needed for determination of the location: either from public land 
mobile network PLMN or then from some external system. 
V The first-mentioned way is based on the fact that in all known 

public land mobile networks the base transceiver stations transmit informa- 
15 tion about themselves and about their environment in a signal, which de- 
pending on the system may be called e.g. a beacon signal, a broadcasting 
signal, a pilot signal, or by some other corresponding name. The information 
contains, among other things, the MCC (Mobile Country Code), the MNC 
(Mobile Network Code), which identifies the operator, the CI (Cell Identity), 
20 adjacent cell information and location area identifier LAI. The mobile station 
constantly decodes the parameters listed above from the signals of nearby 
base transceiver stations, so anyone of this alone or a combination of de- 
sired parameters may be used as location information. 

Thus, the location area is formed by one parameter or by a set of 
25 parameters. By establishing the parameter values beforehand the desired 
location areas are defined. Settings as shown in the following table could be 
used as an example: 



Location area 1 


MCC=17 


Location area 2 


MCC=17, LAC=34 or 35 or 36 


Location area 3 


MCC=17, LAC=36or 37 



30 The location part finds out whether the received parameters meet 

these location area definitions, and if they do. it makes this known to the 
evaluation part. The information may be either a set of parameters as such 
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or then a single character, such as 1. 2 or 3, which refers to the location 
area. 

The cell identity alone may of course be used as location informa- 
tion. In a densely populated areas, however, the cells are small in size and 
5 therefore position fixing with cell precision is not very practicable. 

Another method is based on the circumstance that the mobile sta- 
tion defines its location in a manner independent of the PLMN network by 
using some outside system. Such a system could be e.g. the known GPS 
(Global Positioning System). Hereby the location entity contains a GPS re- 
1 0 ceiver. 

If the location area is formed by a set of parameters, then it is a 
rather complicated operation to perceive a move from one area to another. It 
is easier. If a location area ("location area" like in Location Area Identity LAI) 
or a combination of these is used as the location area. A location area is 

15 used as an example hereinafter in the text, but it should be noted that the 
invention is by no means limited to the use of the location area as a measure 
of location information. 

As is shown in Figure 1 , digital PLMN systems contain the feature 
that cun-ent location area identity LAI is known to the mobile station, or more 

20 exactly, it is in the memory of mobile equipment ME. This feature may be 
used directly to advantage in such a way that such a function Is an-anged by 
which location area identity LAI is transferred to the location part on the sub- 
scriber identity module. 

If the system is a GSM system, the location part may be imple- 

25 mented in the following manner: 

In the further specification of the GSM system can-led out by ETSI 
(European Telecommunications Standards Institute), in the so-called Phase 
2+, the SIM module functions are considerably enlarged compared with the 
original. The new definitions are shown in detail In the specification GSM 

30 11.14 "Digital cellular communications system (Phase 2+); Specification of 
the SIM Application Toolkit for the JSubscriber Identity Module-Mobile Equip- 
ment (SIM-ME) Interface". Therein those mechanisms are defined which 
allow applications on the SIM module to be in co-operation and to function 
together with any mobile equipment ME supporting these functions. An im- 

35 portant feature is the Call Control by SIM which is described in item 9 of the 
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specification. When this function is activated on the SIM module, then call 
control in the mobile station will take place under control by the SIM module. 

In addition, Phase 2+ in items 6.4.15 describes the command 
PROVIDE LOCAL INFORMATION, by which the SIM requests of the mobile 
5 equipment to provide the cuaent location infonnation. When the SIM gives 
this command to the mobile equipment, it gives the reply TERMINAL 
RESPONSE, which contains the MCC (Mobile Country Code), the MNC 
(Mobile Network Code), the LAC (Location Area Code) and the CI (Cell Id). 

In addition, in Phase 2+ there is a definition of the command 

10 DISPLAY TEXT, which the SIM gives to command the mobile equipment to 
display the desired text on the equipment display screen. 

It is advantageous in the implementation of the invention to use 
these new features of the SIM-ME interface which are defined in Phase 2+. 

Referring to FIG. 5, the working of the location part is described 

15 with the aid of the above-mentioned GSM concepts. The figure shows func- 
tions of the location part as well as messages to be exchanged between the 
SIM module, mobile equipment ME and base transceiver station BTS. 

The location part, which is a suitable program, is implemented 
with the SIM module. At regular intervals AT the location part requests loca- 

20 tlon infomnatlon by sending the message PROVIDE LOCAL INFORMATION 
to mobile equipment ME. In response to the message, the mobile equipment 
sends the message TERMINAL RESPONSE, which contains the MCC 
(Mobile Country Code), the MNC (Mobile Network Code), the LAC (Location 
Area Code) and the CI (Cell Id). The location part distinguishes location area 

25 code LAC from the message. It may check whether the LAC is the same as 
on the previous occasion. If the location area code has changed, it will only 
send changed LAC identifier to the evaluation part. Another possibility, of 
course, is that it always sends at AT intervals location area identity LAI to the 
evaluation logic and lets this carry out the further actions. The latter method 

30 is used in this case presented as an example. 

The general operating principle of the evaluation part is described 
in FIG. 6. When the evaluation part has received the location information 
given by the location part, step 61, it will first check whether the location 
information has changed compared with the eariier location information. It 

35 fetches eariier location information 611 from memory 64 and compares it 
with the information it has just received, step 64. If the new location informa- 
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tion is identical with the old, the evaluation part will remain waiting for new 
location information from the location part. If the location infomation has 
changed, the evaluation part will store the new location infomiation. step 65, 
in memory location 611, replacing the earlier infomiation with it. 
5^ Thereafter the evaluation part searches the memory for those pa- 

rameters relating to the location information which are the connection infor- 
mation and the related special conditions. The information may be in table 
form according to FIG. 7, where one line (record) contains location area code 
LAC as location information, the MSISDN number as connection information 

10 and the special conditions relating to the connection. 
'^^ The evaluation part analyses the fetched parameters, step 67, 

and based on the analysis it decides whether the connection must be ex- 
changed, step 68. It checks the subscriber number, and if the number is the 
same, the connection will not be exchanged, but the following location infor- 

15 mation will be received. Depending on the table the codes of ail location 
areas in the network may be contained in it, and it is even possible that the 
same profile and thus the same subscriber number is used in several loca- 
tion areas. 

If the subscriber number is different from the one cun-ently used, 

20 then e.g. in table 7 a move has occurred from location area LAC b to location 
area LAC c, so the subscriber number parameter has changed MSISDN 2 -»■ 
MSISDN 3, and the evaluation part checks the special conditions "Special 
Conditions 3" relating to the concerned record in the table. Limitations may 
be set up in these for an exchange of the connection. For example, a limlta- 

25^ tion may be such that after a change of the location area code a sufficient 
number of locations must be made which give the same result. Such a suit- 
able delay, that is, a hysteresis, is required so that an exchange from one 
connection to another will not constantly take place in location area margins. 
In addition, it is possible in the special conditions to state that the connection 

30 must not be exchanged while a call is going on, when sending a short mes- 
sage, etc. When the limitations set up by the special conditions have disap- 
peared, the evaluation part makes a decision to exchange the connection, 
step 68. It may inform the mobile user of this by sending a "Display Text" 
message (Figure 5) to the tenninal equipment, which in response to the 

35 message will show e.g. the text "CONNECTION IS EXCHANGED FOR 
ANOTHER, WAIT" in the display of the mobile equipment 
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Thereupon the evaluation part sends to the connection exchange 
part a command to exchange the connection for another. The command 
contains the MSISDN number of the new connection. 

FIG. 8 shows the operation of the connection exchange part. 
5 When it receives the connection exchange command from the evaluation 
part, it starts the exchange, step 81, by searching memory 82 for any infor- 
mation relating to the new connection. The memory contains the subscriber's 
all subscriber numbers and the related infomiation. The MSISDN number 
given by the evaluation part functions as a search key. It was assumed in 

10 this example, that the IMSI number remains the same, although the MSISDN 
number changes. When the MSISDN number of the connection changes into 
another, those algorithms and encryption keys will also change which are 
needed for authentication and encryption. In the memory they are in the 
same record as the MSISDN number, so the outcome of the memory search 

15 is that the connection exchange part has all the necessary infomiation relat- 
ing to the new connection. 

Thereafter the connection exchange part begins such transactions 
with the network, step 84, wherein the registration into the network main- 
tained with the old MSISDN number is finished and a new registration is 

20 made with the new MSISDN number. The transactions are PLMN system- 
specific and they are not described in any greater detail herein. 

Following a successful exchange of connection the user may be 
infonmed about this by sending a "Display Text" message (Figure 5) to the 
terminal equipment, which in response to the message shows e.g. the text 

25 "CONNECTION EXCHANGED " on the display of the mobile equipment. This 
message may also be used for giving a brief description of the sen^ice profile 
now available. 

Thereafter the user will act with a new service profile, step 85. 
It was assumed in the foregoing description of the invention that 
30 the IMSI number remains the same, but the MSISDN number changes. This 
embodiment requires some changes on the PLMN network side. The easiest 
embodiment in networks of today is such that when the connection exchange 
is made the connection in question is an entirely new one, of which there is a 
separate subscriber record for each in the home location register HLR. 
35 Hereby, when leaving the network with information of the old connection, 
registration into the network will be as a new subscriber. In the memory ac- 
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cording to Figure 8 each MSISDN number hereby has its own relating IMSI 
number. 

FIG. 9 is a simplified view of another possible operation of the 
evaluation part and the connection exchange part in a case where each 
5 MSISDN number has its own relating IMSI number and where the mobile 
communications system is the GSM system. 

The different parts of the invention are implemented on the sub- 
scriber identity module SIM. In the GSM system, the location part is an appli- 
cation which is located on the SIM module and which uses Application 

10 Toolkit commands and which at fixed intervals performs a PROVIDE 
LOCATION INFORMATION command in accordance with the TS GSM 
11.14 version 5.1.0, or some corresponding command, and stores the re- 
ceived CGI value of the cell as such on the SIM module in a special file re- 
served therein. The parts of the cell's CGI (Cell Global Identification) are the 

15 MCC (Mobile Country Code), the MNC (Mobile Network Code) and the LAI 
(Location Area Identifier). 

The evaluation part contains special file 92, wherein the CGI val- 
ues of the network are divided into groups formed by the geographical area, 
and each group has a connection code stated by one integer number. The 

20 evaluation part searches file 92 to find out which connection code coTe- 
sponds with the CGI value given by the location part, here the location infor- 
mation is n. In the figure the connection code is 2. Thereupon the evaluation 
part based on the connection code fetches information about the new con- 
nection from another file 93, which contains information on the connection 

25 related to each connection code. In this example, corresponding with con- 
nection code 2, it obtains as connection infomnation "IMSI 2, MSISDN 2, 
algorithms, encryption keys 2. A". The fetched connection infomnation is 
stored in its own special file 91, from which information on the current con- 
nection is thus always available. The connection information may also be 

30 stored by storing the connection code alone in file 94. 

The mobile equipment now registers with the new connection by 
performing the REFRESH command defined in TS GSM 11.14 version 
5.1.0., which leads to initialization of the SIM module and at the same time to 
a connection exchange. 

35 The practical implementation of the invention may be done in 

many ways keeping within the attributes of the claims. The information in the 
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memory may be as one file or as several files and the mode of presentation 
of individual information can be chosen freely. The functional interface be- 
tween the location part and the evaluation part may be some other than the 
one in the examples described above and the functional details themselves 
5 need not be of the kind described above. 
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Claims 

1 . Method of changing the service profile of a mobile subscriber in 
a public land mobile network, in which to each subscriber connection may be 
connected a service profile including desired subscriber services and the 

5 location of the mobile station is known with at least location area precision, 
characterized in that 

several such pieces of area information are stored beforehand in 
the mobile station, each of which corresponds with its own partial area of the 
coverage area of the public land mobile network and information on several 
10 subscriber connections so that a separate piece of subscriber connection 
information relates to each piece of area information; and that 

in the mobile station, when it is in connection with the public land 
mobile network using one of the subscriber connections and thus one of the 
service profiles; 

15 the location information is determined periodically; 

based on the location information a evaluation is made on 
whether the mobile station has moved from the partial area relating to the 
current area information into a partial area relating to new area information; 

when a move has taken place, disconnection from the public land 
20 mobile network takes place and reconnection to the public land mobile net- 
work takes place using subscriber connection information relating to the 
changed area information and thus the changed service profile. 

2. Method as defined in claim 1, characterized in that the 
area information includes at least one parameter, which the mobile station 

25 has decoded from such a signal sent by the public land mobile network, by 
which the public land mobile network gives network information to the mobile 
station. 

3. Method as defined in claim 1or2, characterized in that 
the area information is the location area identity and the corre- 

30 sponding partial area of the public land mobile network is the location area; 

the location area identity sent by the public land mobile network is 
used as location information; 

when the location area identity changes, it is deduced that the 
mobile station has moved from one partial area into another. 
35 4. Method as defined in claim 1or2. characterized in that 
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the area information is a set of location area identities and the cor- 
responding partial area of the public land mobile network includes location 
areas individualized by these identifiers; 

the location area identity sent by the public land mobile network is 
5 used as location information; 

when the location information indicates that the location area 
identity belongs to a different set of identities than the previous location area 
identity, it is deduced that the mobile station has moved from one partial area 
into another. 

1 0 5, Method as defined in claim 1or2, characterized in that 

the area information is a set of cell identities and the partial area 
of the public land mobile network corresponding with the area information 
includes cell areas individualized by the cell identities; 

the cell identity sent by the public land mobile network is used as 
15 location information; 

when the location information indicates that the cell identity be- 
longs to a different set of cell identities than the previous cell identity, it is 
deduced that the mobile station has moved from one partial area into an- 
other. 

20 6. Method as defined in claim 1, characterized in that re- 

connection to the public land mobile network using the exchanged subscriber 
connection is carried out only when a predetermined number of successive 
location determination periods have indicated that the mobile station is in a 
new partial area. 

25 7. Method as defined in claim 1, characterized in that the 

subscription information contains all that information which is required for the 
subscriber to gain access to the public land mobile network. 

8. Method as defined in claim 1. characterized in that 
in the subscriber connection information stored beforehand in the 
30 mobile station, special condition information is also contained for each piece 
of subscriber connection information; 

before disconnection from the public land mobile network a check 
is made to find out whether the special conditions make any limitations on 
the disconnection. 

35 9. Method as defined in claim 1, characterized in that the 

subscriber connection information contains both the mobile subscriber's 
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international ISDN number (MSISDN) and the international mobile subscriber 
identity (IMS!), one of wliich remains the same although the subscriber con- 
nection Is exchanged. 

10. System for changing the service profile of a mobile subscriber 
5 in a public land mobile network, including 

a home location register storing pemianent subscriber information 
containing a service profile Including the subscriber services relating to each 
subscriber connection; 

a mobile station formed by a piece of terminal equipment and a 
10 subscriber identity module SIM inserted into it, 

characterized in that in the home location register several 
service profiles are established in the subscriber information, each of which 
Is available in a partial area of its own of the coverage range of the public 
land mobile network; and that 
1 5 the mobile station contains: 

a location part (31), which periodically determines the location of 
the mobile station in the public land mobile network and gives location Infor- 
mation as the result; 

a evaluation part (32), which in response to the location informa- 
20 tion determines whether the mobile station has moved from one partial area 
into another and which when a move has taken place gives a connection 
exchange command; 

a connection exchange part (33), which in response to the con- 
nection exchange command searches the memory (82) for the subscriber 
25 connection information established for the new partial area, disconnects the 
mobile station from the public land mobile network and then reconnects it to 
the public land mobile network using the subscriber connection infomiatlon 
(MSISDN, IMSI, K,,) established for the new partial area, whereby trafficking 
continues in the new partial area with the changed service profile. 
30 11- System as defined in claim 10, characterized in that 

the location part separates the location information from that broadcast sig- 
nal sent by the serving base transceiver station, by which the base trans- 
ceiver station gives information about itself and about the network. 

12. System as defined in claim 10, characterized in that a 
35 memory (64) is used together with the evaluation part, wherein connection 
information corresponding with the partial area infomiation is stored in ad- 
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vance, and also a evaluation logic which in response to the location infomna- 
tion checks whether it refers to new partial area. 

13. System as defined in claim 12, characterized in that 
the memory also stores such special conditions relating to each subscriber 

5 connection, wherein those conditions are established, on the fulfillment of 
which the evaluation logic may give a connection exchange command. 

14. System as defined in claim 12 or 13, c h a r a c t e r i z e d in 
that the evaluation logic compares the cun^ent location information with the 
earlier location information, which is stored in the memory (64), and when 

10 these pieces of information differ from each other the evaluation logic 
searches the memory (622) for the connection information and special con- 
ditions relating to the current location information. 

15. System as defined in claim 12, c h a r a c t e r i z e d in that 
the location information is the location area identity and the memory stores 

15 location area identities as partial area information. 

16. System as defined in claim 12, characterized in that 
the location information includes several parameters from a set including the 
MCC (Mobile Country Code), the MNC (Mobile Network Code), the CI (Cell 
Identity) and the LAI (Location Area Identifier), whereby the memory stores a 

20 set of parameters as partial area information. 

17. System as defined in claim 10, characterized in that 
with the connection exchange part (33) a memory (82) is used, wherein the 
subscriber connection information established for all partial areas is stored 
beforehand. 

25 18. System as defined in claim 17, characterized in that in 

response to the connection exchange command given by the evaluation part 
(32) the connection exchange part (33) searches the memory (82) for new 
subscriber connection information and starts the connection exchange func- 
tions with the public land mobile network. 

30 19. System as defined in claim 10, characterized in that 

the location part (31), the evaluation part (32) and the connection exchange 
part (33) are located on the subscriber identity module (SIM). 
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(54) Titie: CHANGE OF SERVICE PROFILE OF MOBILE SUBSCRIBER 
(57) Abstract 

A system for changing the service profile 
of a mobile subscriber includes a location part 
(31). an evaluation part (32) and a subscriber 
connection exchange part (33). Besides these, 
the home location register contains such indi- 
vidual subscriber connections for the subscriber, 
which have a different service profile. The duty 
of the location part is to find out the location 
of the mobile station in the network and to give 
location information to the evaluation part. The 
information may be e.g. a location area iden- 
tity, cell identity or switching centre area identity 
which is used in the public land mobile network. 
The evaluation part checks to find out whether 
the location information has changed compared 
with the location information received earlier. 
If it has, it searches the memory for the cor- 
responding location information and compares 
the connection information in the record with 
the current connection information. If the con- 
nection infonnation is identical, the process re- 
mains waiting for new location information. If 
the connection information is different, the eval- 
uation logic deduces that the connection must be 
exchanged for a new one and a connection ex- 
change operation must be started. This may take 

place so that the connection exchange part dis- ^ ^ . ^ 

connects the mobile station from the network and reconnects to the network using a new MSISDN number. The algonthms and encryption 
keys relating to this number it fetches from the memory. The network fetches from the home location register the subscnber mformation 
relating to this MSISDN number and along with this also the service profile relating to this number. It is most advantageous to implement 
the location part, the evaluation part and the subscriber connection exchange part on the subscriber identity module (SIM) 
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